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Appl. No. 09/851,940 PATENT 

Arodt, dated October 21, 2003 

Reply to Office Action of July 21 a 2003 

Amendments to the Claims: 

Claims 1-24 have been amended. New claims 25-30 have been added. This listing of claims 
will replace all prior versions and listings of claims in the application: 

Listing of Claims: 

1 1 . (Currently Amended) A method of analyzing intersections between obj ects in 

2 computer animation comprising tho stops of : 
providing a plurality of objects represented by a plurality of meshes, with each of 

said plurality of objects being represented by one of said plurality of meshes and each of said 

5 meshes being formed by a set of vertices, where a set of pairs of vertices of said set of vertices 

6 define a set of edges; 

7 checking all edges of said meshes to determine if said set of edges of said meshes 

8 intersect with any of said plurality of meshes; 

9 tracing an intersection path formed by intersection of said edges with any of said 

1 0 plurality of meshes; and 

1 1 detenninmg which vertices of said meshes are contained within said intersection 

12 pathuy& L and g e tting a polarity of each of said contained v e rtic es to indioato that those v e rtic e s 

13 ar e contained within ooid interjection path ; 

14 setting a polarity of each vertex contained within said intersection path to indicate 

15 that saidvertex is contained within said intersection path, wherein anolaritv of a vertex is set 

16 based unon a number of disconnected re gions formed bv said intersection natL 

1 2. (Currently Amended) [[A]] The method of analysing intersections between 

2 objocta according - t e > claim 1 wherein said step of determining which vertices of said meshes are 

3 contained within said intersection path comprises examining vertices of a mesh that contains said 

4 intersection path within a certain distance from a particular edge of said intersection path and 

5 characterizing said vertices to determine which vertices of said meshes are contained within said 

6 intersection path. 
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1 3. (Currently Amended! [f A]1 The method of analyzing intoroeotioiio betwe e n 

2 objects according to claim 1 wherein said stop of determining which vertices of said meshes are 

3 contained within said intersection path comprises tho stops of : 

4 selecting an arbitrary edge of a mesh that crosses said intersection path, where 

5 said arbitrary edge is formed by vertices u and v and where said mesh contains said intersection 

6 path; 

7 performing a search of said mesh, radiating from one of said vertices u and v, 

8 identifying all vertices in all of said edges that cross said intersection path, and defining the set of 

9 vertices identified as a playpen; 

10 tracing said intersection path and identifying vertices, within said playpen, on a 

1 1 left side of said intersection path as left and retracing said intersection path in an opposite 

12 direction and identifying vertices, with said playpen, on a right side of said intersection path as 

13 right; 

14 determining whether vertices adjacent to vertices identified as left and right lie 

1 5 outside of said playpen; 

16 discarding said intersection path when at least one of both left and right identified 

17 vertices lie outside said playpen; 

1 8 determining whether at least one vertex adjacent to said right identified vertices 

19 lies outside said playpen; and 

20 flhanging -g aid polarity of characterizing each of said left identified vertices ta 

21 indicate that those vortices or e as contained within said intersection path when at least one vertex 

22 adj acent to said right identified vertices lies outside said playpen and changing oaid polar it y o f 

23 characterizing each of said right identified vertices to indicat e that those vortioBo or e as contained 

24 within said intersection path when at least one vertex a4jacent to said left identified vertices lies 

25 outside said playpen* 

1 4, (Currently Amended^ [[A]] The method of aa alyzing intersection!} betw e en 

2 obj e cts according to claim 1 wherein said intersection path is a self-intersection with the 

3 intersection path being contained in a single mesh and wherein said stop of setting a polarity of 
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4 each vertex of s aid contain e d v e rtices to indicate that those vertices aro contained within said 

5 intersection path comprises: getting th e 

6 associating a first color of said vortices that ag e with each vertex that is contained 

7 within said intersection path to a pr e determined col or when the intersection yields one region^ 

8 and 

9 when the intersection- yields first and second disconnected regions, sotting the? 

10 associating a second color of vortioQa o f a first portion of with each vertex c ontained in said first 

11 disconnected region and associating a third color witkeach vertex con tained in the second 

12 ffflnnrme ^ted region, said singlo - mesh contained within said intoroeotion path to a first color and 

13 setting the oolor of vertices of a aeeond portion of said ainglo mesh contained withift-eaid 

14 int e rs e ction path to a oeeond color when th e intersection yields two unconnected regions 

1 5. (Currently Amended) [[A]] The method of analyzing intersections b e tw e en 

2 objects according to claim 1 wherein said intersection path is an intersection between a first 

3 mesh and a second mesh and said stop of wherein setting a polarity of each vertex of said 

4 contained vertices to indicat e that those vertices aro contain e d within arid intersection path 

5 ™™priflgg a attm g r th e associating a first color ITofll with vertices of the first mesh contained , 

6 within said intersection path to a firat - ootor and aetting-the associating a second color [[of]] yith 

7 vertices of the second mesh contained within said intersection path- toa second color 

1 6, (fWrrafly Amended^ [[A]] The method of gBflh rcine intcroootiona between 

2 objoota according to one of claims claim 4 wis, further comprising displaying said objects on a 

3 computer display with vertices ee lor e d - as - said vertic e s have boon get displayed in colors 

4 associated with the vertices . 

1 7. (Currently Amended) A method of determining pinching between objects in 

2 computer animation comprising flic stops of : 

3 providing a plurality of objects represented by a plurality of meshes, with each of 

4 said plurality of objects being represented by one of said plurality of meshes and each of said 

5 meshes being formed by a set of vertices; 
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6 determining an intersection path formed bv analyzing intersections between said 

^7 7 object s and changing a polarity of e ach of a plurality vortioofl contained in an intersection path 

8 created by on intersection of said plurality of meshes ; 

9 setting a polarity of each vertex contained within said interse ction path based 

10 upon a number of disconnected regions formed bv said intersection path; 

1 1 selecting a particular vertex of said set of vertices bound between surfaces of said 

12 objects and closer to one of said surfaces, where said surfaces have defined insides and outsides 

13 and said particular vertex is inside of both surfaces; 

14 determining whether any vertices inside of said surfaces have their polarities set; 

15 and 

1 6 indicating that said particular vertex is pinched when any vertices inside of said 

1 7 surfaces have their polarities set. 

1 8. (Currently Amended) [[A]] Jfcg method of determining - pinching botw e en 

2 obj e ct s4 fr computer animation according to claim 7 further comprising tho step of : 

3 constraining motion of said pinched particular vertex when motion in said 

4 computer animation is simulated. 

1 9. (Currently Amended) [[A]] Tho method of dotqnnining pinohing betw ee n 

2 e bj e ots in - oomputor animation according t o claim 7 wherein s aid - step of - changing setting a 

3 polarity of each vertex of a plurality vortices contained in on intoroection path comprises sotting 

4 &e associating a color of each of a plurality vertic e s with each vertex contained inan&§ 

5 intersection pat h, thejcae&od mi further comprising tho atop of! 

6 displaying said obj ects on a computer display with vertices oolorod aa aoid 

7 vortiooa have b e en s e t displayedin colors associated with the vertices such that an animator oon 

8 see the intersection and pinching of said objects is visually displayed 

1 10. (Currently Amended) A method of simulating motion of objects in computer 

2 animatio n, the method comprisin g tho stopo of : 
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1 3 providing a plurality of objects represented by a plurality of meshes, with each of 

) 4 said plurality of objects being represented by one of said plurality of meshes and each of said 

i 5 meshes being formed by a set of vertices, where at least one of said objects is an animated object 

6 and at least one of said objects is a simulated object; 

7 positioning said objects at some time / to provide one frame of said computer 

8 animation; 

9 determining an intersection path formed by analyzing intersections between said 

10 object s and s e tting a polarity of each of a plurality vortiooo contain e d in an intersection path 

11 crcatod by an intoroection of aaid plurality of m e oheo ; 

12 setting a polarity of each vertex contained withins aid intersection oath-baaed 

13 upon anumber of disconnected regions formed bv said intersectioriftath: 

14 setting a simulated force between vertices of said at least one simulated object 

15 based on the polarity set for said vertices of said at least one simulated object; and 

\ 6 advancing the computer animation to a time t + Ar and simulating motions of said 

17 objects using said simulated force to simulate motions of said at least one simulated object. 

1 11. (Currently Amended) [[A]] Thg method of s imulating motion of objects -in 

2 computer animation according to claim 10 wherein 

3 when said intersection path is a self-intersection with the intersection path 

4 contained in a single mesh, said step of setting a polarity of each vertex containe d within sa*4 

5 polarity of each of said plurality vortiooo oontaine flrja said intersection path comprises sotting tho 

6 associating a first color of with each vertex contained within said intersection path e£said 

7 plurality vorticoa to a pr e determined color when the intersection yields one region and whenJhe 

8 intersection yields first and second disconnect regions, associating a se cond color with each 

9 vertex cont ftfo^ f n fta id first diso ^iTi^^ region and p ftyfffl f^>1or with each vertex contained in 

10 the second disconnected region* sotting the color of vortices of - a first portion of oaid -s inglo mcoh 

11 contain e d within said intornootion path to a first oolor and getting tho color of - vortiooa of a s e cond 

12 portion of said singl e mesh contained within said intersection path to a oooond - color when tho 

13 intersection yields two unoonnooted r e gions ? and 
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14 when said intersection path is an intersection between a first mesh and a second 

1 5 meshi and said stop of setting a polarity of each vertex of said plurality of vertic e s contained in 
said intersection path comprises sotting the associating the second color of e ach of said plurality 
verticon of with each vertex of t he first mesh contained within said intersection path and 

18 associating a third color with each vertex of the second mesh contained within said intersection 

19 path, to paid firat color aad -se tting tho color of oaoh of ooid plurality v e rtic es- ofrtho socond mooh 

20 to said second color. 

1 12, (Currently Amended') [[A]1 The method of simulating motion of obioots in 

2 computer animation according to claim 1 1 wherein said st e p of setting a simulated force between 

3 vertices of said at least one simulated object comprises: 

4 setting said simulated force to cause an attraction between vertices of said at least 

5 one simulated object when said vertices are oat to associated with said first or second or third 

6 colors; 

7 setting said simulated force to cause [[an]] a repulsion between vertices of said at 

8 least one simulated object when said vertices are not sot to associated with said first color, said 

9 second color, or predetermined said third color eelers; sad 

I o setting said simulated force to cause neither an attraction or g repulsion between 

I I vertices of said at least one simulated object when said vertices are o e tto associated with said 
1 2 prodotenuincd first color. 

1 13. (Currently Amended) A computer program product oomprioingi stored on a 

2 computer usable readable medium having computer readabl fr pyogrnm oodo moono embodi e d in 

3 said medium for cau s ing a-computor to manipulate and analy se for processing computer 

4 generated obj ects, said computer r e adabl e program code meona product comprising: 

5 *seasscode for providing a plurality of objects representedby a plurality of 

6 meshes, with each of said plurality of objects being represented by one of said plurality of 

7 meshes and each of said meshes being formed by a set of vertices, where a set of pairs of vertices 

8 of said set of vertices define a set of edges; 
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9 means code for checking all edges of said meshes to determine if said set of edges 

0 of said meshes intersect with any of said plurality of meshes; 

1 moano code for tracing an intersection path formed by intersection of said edges 

2 with any of said plurality of meshes; and 

3 moons code for determining which vertices of said meshes are contained within 

4 said intersection pat h: and and sotting a polarity of eaoh of s aid contained yortioog to inchoat e 

5 that thoao vortices ore contained within s aid intersection path. 

6 code for setting a polarity of each veil<ssLCQntained within said inter section path to 

7 indicate that said vertex is contained within said intersection oath, wherein a polarity j>f^vertex 

8 is set based upon a number of disconnected regions formed by said intersection path. 

1 14, (Currently Amended) [[A]] The computer program product accordin g ^ fif 

2 claim 1 3 wherein s aid means the code for determining which vertices of said meshes are 

3 contained within said intersection path comprises meaas code for examining vertices of a mesh 

4 that contains said intersection path within a certain distance from a particular edge of said 

5 intersection path and means for characterizing said vertices to determine which vertices of said 

6 meshes are contained within said intersection path. 

1 15. (Currently Amended) [[A]] The computer program product acoording -te q£ 

2 claim 13 wherein said moans the code for determining which vertices of said meshes are 

3 contained within said intersection path comprises: 

4 means code for selecting an arbitrary edge of a mesh that crosses said intersection 

5 path, where said arbitrary edge is formed by vertices u and v and where said mesh contains said 

6 intersection path; 

7 moans code for performing a search of said mesh, radiating from one of said 

8 vertices u and v, identifying all vertices in all of said edges that cross said intersection path, and 

9 defining the set of vertices identified as a playpen; 

10 moans code for tracing said intersection path and identifying vertices, within said 

1 1 playpen, on a left side of said intersection path as left and retracing said intersection path in an 
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12 opposite direction and identifying vertices, with said playpen, on a right side of said intersection 

13 path as right; 

14 means code for determining whether vertices adjacent to vertices identified as left 

15 and right lie outside of said playpen; 

16 moana code for discarding said intersection path when at least one of both left and 

17 right identified vertices lie outside said playpen; 

1 8 faeaas code for determining whether at least one vertex adjacent to said right 

19 identified vertices lies outside said playpen; and 

20 means code for changing said polarity of characterizing each of said left identified 



. 2 1 vertices to indicate that thos e- vortices ara as contained within said intersection path when at least 

22 one vertex adjacent to said right identified vertices lies outside said playpen and changing sa id 

23 polarity - of characterizing each of said right identified vertices to indicate that thoso vortiooo are 

24 as contained within said intersection path when at least one vertex adjacent to said left identified 

25 vertices lies outside said playpen. 



1 16, (Currently Amended) [[A]] The computer program product according to of 

2 claim 13 wherein said intersection path is a self-intersection with the intersection path being . 

3 contained in a single mesh and said means the code for setting a polarity of each vertex of said 

4 c ontained vortiooo to indicat e that thoso vertic e s ar e oontainod within flaid - mtoraootion path 

5 comprises: moans for sotting th e 

6 code for associating a first color of paid vortioog that oro with each vertex that is 

7 contained within said intersection path to a predetermined coter when the intersection yields one 

8 regiom and 

9 when the intersection yields first and second disc onnected regions, means code 
10 for e etting the associating a second color with each vertex contained in said first disconnected 
U region and associating a MrA color with each ve rtex contained in the second disconnected 

12 repion. of vortioop of a first portion of oaid ainglo moph oontainod within ooid intersection path to 

13 a first color and getting tho color of vortioog of a oocond portion of oaid single mooh contained 
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14 within said int e rs e ction path to a oocond oolor wh e n th e inters e ction yi e lds two unconnected 

15 regiono. 



2 claim 13 wherein said intersection path is an intersection between a first mesh and a second mesh 

3 and s aid means - of the code for setting a polarity of each xefltex of oaid contained vertiees4o 

4 indicate that tho s e vertices aro contained within said int e r s ection path comprises gems codg for 

5 ootting th e associating a first color [[of]] with vertices of the first mesh contained within said 

6 intersection path to-a first color and code for associating a second setting-the color [[of]] with 

7 vertices of the second mesh contained within said intersection path to a o e oond oolor , 

1 18. (Currently Amended) [[A]] Tfcg computer program product according to af 

2 claim 1 6- bne of claims 16 and 1 -7, further comprising m e ans £ads for displaying said objects on a 

3 computer display with vertices colored aa oaid v e rtice s have boon sot displayed in colors 

4 associated with the vertices . 

1 19. (P-nTTwntly Amended) A computer program product comprising! stored on a 

2 computer usable readable medium having computer readable program oode means-cmbodiod in 

3 oaid medium for causing a computer to manipulate and analys e processing computer generated 

4 objects in computer animation, said computer readabl e program product code means comprising: 

5 meaas code for providing a plurality of objects represented by a plurality of 

6 meshes, with each of said plurality of objects being represented by one of said plurality of 

7 meshes and each of said meshes being formed by a set of vertices; 

8 meaas code for determining an intersection path formed by aaahreiftg 

9 intersections between said objects^ and means-far changing a polarity of-eaoh-o£a plurality 

10 vortiooo contain e d in an-intefsoction path created by on intoroootion of oaid plurality of moshog ; 

11 code for setting a polaritv of each vertex contained withinsaid intersection path 

12 based upon a number of disconnected regions formed bv said intersection path: 



1 



17. (Currently Amended) [[A]] The computer program product according s e af 
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1 3 means code for selecting a particular vertex of said set of vertices bound between 

14 surfaces of said objects and closer to one of said surfaces, where said surfaces have defined 

15 insides and outsides and said particular vertex is inside of both surfaces; 

16 moana code for determining whether any vertices inside of said surfaces have 

1 7 their polarities set; and 

1 8 means code for indicating that said particular vertex is pinched when any vertices 

19 inside of said surfaces have their polarities set. 

1 20. (Currently Amended) IT All The computer program product according to of 

2 claim 19 Anther comprising: 

3 moana code for constraining motion of said pinched particular vertex when 

4 motion in said computer animation is simulated, 

1 21. (Currently Amended) TfAH The computer program product acoording to of 

2 claim 19 wherein said moans for changing the code for setting a polarity of each vertex of* 

3 plurality v e rtices contained in an said intersection path comprises re eaas code for sotting the 

4 associating a color of each of a plurality vertic e s with each vertex contained in m said 

5 intersection path , the computer p rop™™ pmrhint mi further comprising[[:]] meem code for 

6 displaying said objects on a computer display with vertices displayed in colors associated with 

7 the vertices oolorod an paid vertiooo have boon oot such fea t- an animator can see the intersection 
S and pinching of said objects is visually displayed 

1 22. (Currently Amended) A computer program product eomprisinp: storecLon a 

2 computer readable usable medium having computer roadoblo program code means embodi e d - in 

3 said - niodium for causing a computer to manipulat e and an alyze for processing computer 

4 generated objects in computer animation, said computer readabl e program product codo moans 

5 comprising: 

o means code for providing a plurality of objects represented by a plurality of 

7 meshes, with each of said plurality of objects being represented by one of said plurality of 

* 
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8 meshes and each of said meshes being formed by a set of vertices, where at least one of said 

9 objects is an animated object and at least one of said objects is a simulated object; 

J 10 moans code for positioning said objects at some time t to provide one frame of 

,J 11 said computer animation; 

^ 12 gaeaas code for determining an intersection path formed by analvsring 

13 intersections between said objects and sotting a polarity of each of n plurality vertio e s contain e d 

14 in an intersection path oroatod by on intersection of qaid plurality of moshos ; 

15 code for se tting a polarity of each vertexjsontained within said in tersection path 

16 baaed upon a number of disconnected regions formed by said intersect ion path: 

1 7 FfteaRs code for setting a simulated force between vertices of said at least one 

18 simulated object based on the polarity set for said vertices of said at least one simulated object;, 

19 and 

20 moana code for advancing the computer animation to a time t + A/ and simulating 

21 motions of said objects using said simulated force to simulate motions of said at least one 

22 simulated object. 

1 23, (Currently Amended) [[A]] Xh§ computer program product aeeefdiag-te of 

2 claim 22 wherein 

3 when said intersection path is a self-intersection with the intersection path 

4 contained in a single mesh, said moans code for setting a polarity o f each vertex contained within 

5 s aid polarity of each of said plurality vertioo a- oontainod in said intersection path comprises 

6 gaeaas code for associating a first color with each vertex con tained within said intersection path 

7 potting th e color<fr£ ea oh of paid plurality vortic e o to a prodotorminod oolor when the intersection 

8 yields one region and when said intersection path yields first and^e cond disconnected regions, 

9 code for associating a second color with eadbLW tex contained in said first disconnected region 

10 and a third color with each vertex contained in the second disconnected region, sotting the oolor 

11 of vortioes - of a finst portion of said single m e sh contained within said intorooction path to a firot 

12 color and getting th o color of vertic e s of a s e oond portionof s aid single m e sh oontainod wi flm 
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13 odd interoectiop path to a second -cok* 1 whon tho int e rs e ction yields two unoonnootod regiono, 

14 and 

15 when said intersection path is formed from an intersection between a first mesh 

16 and a second mes h, the code for sold means for setting a polarity of each vertex of arid plurality 

1 7 of vertic es contained in said intersection path comprises moano code for se tting - th e associating 

18 the second color of each of aaid plurality vertic e s with each vertex of the first mesh to said firot 

1 9 eele* and s etting the associating the third color with of each of soid plurality v e rtic e s vertex of 

20 the second mes h to said second color , 

1 24. (Currently Amended) [[A]] Tie computer program product a ccording t o q£ 

2 claim 23 wherein s aid means for the codeJbr setting a simulated force between vertices of said at 

3 least one simulated object comprises: 

4 moans code for setting said simulated force to cause an attraction between vertices 

5 of said at least one simulated object when said vertices are sot to associated with said first or 

6 second or third colors; 

7 means code for setting said simulated force to cause [[an]] a repulsion between 

8 vertices of said at least one simulated object when said vertices are not «He associated with said 

9 first colon said second colon or pr e determi ned said third color colors ; and 

10 mean s £2d§ for setting said simulated force to cause neither ga attraction or a 

1 1 repulsion between vertices of said at least one simulated object when said vertices are seHa 

12 associated with said predetermined first color. 

1 25. (New) The method of claim 5, further comprising displaying said objects 

2 on a computer display with vertices displayed in colors associated with the vertices. 

1 26. (New) The computer program product of claim 17, further comprising 

2 code for displaying said objects on a computer display with vertices displayed in colors 

3 associated with the vertices. 

1 27. (New) A method of analyzing intersections, the method comprising: 
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2 determining an intersection path formed by an intersection of a first mesh portion 

3 and a second mesh portion, wherein each mesh portion comprises a plurality of vertices; 

4 determining a set of vertices of the first mesh portion and the second mesh portion 

5 that are contained within the intersection path; and 

6 setting a value for each vertex in the set of vertices based upon based upon a 

7 number of disconnected regions formed by said intersection path. 

1 28. (New) The method of claim 27 wherein the first mesh portion and the 

2 second mesh portion are portions of a mesh representing an obj ect 

1 . 29. (New) The method of claim 27 wherein the first mesh portion is a portion 

2 of a first mesh representing a first object and the second mesh portion is a portion of a second 

3 mesh representing a second obj ect. 

30. (New) The method of claim 27 wherein setting a value for each vertex in 
the set of vertices comprises: 

setting each vertex in the set of vertices to a first value if a single region is formed 
by the intersection path; and 

if the intersection path forms a first region on the first mesh portion and a second 
region on the second mesh portion that is disconnected from the first region, 

setting each vertex in the set of vertices that is in the first region to a 

second value, and 

setting each vertex in the set of vertices that is in the second region to a 

third value. 
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